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LIST OF DEFINITIONS AND ABBREVIATIONS 
(The) Delphi Technique (DT): DT is used to forecast/estimate an unknown through iterative 
discussions and responses to quantitative (and sometimes qualitative) questionnaires, where a 
statistical group feedback is shared during each round by an anonymous panel of experts. 
E-Delphi: A variant ofDT, where questionnaires/communication takes place electronically 
via e-mails. 
Expert: A panelist selected to be in a DT study. Generally speaking a Delphi panelist needs 
to be selected based on characteristics and qualifications appropriate for the study. 
Specifically for the experiment conducted, an expert is defined as "An Iowa State University 
Student who had taken a university-level Calculus II (or higher) mathematics course, or was 
enrolled in Calculus II at the time of the experiment". 
(The) "True Area" (TA): Areas of the shapes (estimation problems for the "Delphi" 
experiment) as measured using 10 squares/cm paper and the procedures described in Chapter 
3: Methodology. (p. 18) 
(The) Treatment (TRT): Amount of deception used, measured as a percentage of TA. (I.e. a 
treatment of -8% implies the mean of the estimations of all 20 participants would be shared 
as 92% of the TA.) There were five treatments: -8%, -4%, 0% (control), 4%, 8% off of the 
TA. 
(The) Prescribed Deceptive Feedback (PDF): The compilation of information shared as the 
group feedback between rounds 1 & 2 is called the first PDF, and the one shared between 
rounds 2 & 3 is called the second PDF. 
vm 
ABSTRACT 
In this thesis, effects of deception on convergence in the Delphi Technique have been 
investigated through an "e-Delphi" experiment where Prescribed Deceptive Feedback was 
given as the statistical group response. The subject of thee-Delphi experiment was to 
estimate areas of irregular shapes by a panel of participants who had more than sufficient 
expertise in the subject matter - in this case background in mathematics - to reach reasonable 
responses. It was demonstrated that most of the participants had a tendency to move toward 
the group response, although such a move was unwarranted. The primary conclusion from 
this exercise is that a well-defined qualification for expertise in the subject matter is not 
enough to become a good Delphi panelist. The effect of deception was strengthened by 
iteration, and for the most part self-ratings of confidence of responses increased over the 
rounds. 
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CHAPTERl: 
INTRODUCTION 
The Delphi Technique (DT) is used to forecast/estimate an unknown by an anonymous panel 
of experts, through iterative discussions and responses to quantitative (and sometimes 
qualitative) questionnaires, where a statistical group-feedback is shared during each round. 
DT can be a powerful way of forecasting/estimating an unknown; however it has garnered a 
reputation for being a controversial and often biased tool. An overview of the criticisms of 
DT, and relevant publications is located in the Literature Review discussed in Chapter 2. 
One of these concerns about DT has to do with expert responses converging toward the 
statistical group feedback. Although this may be desirable, convergence of responses 
(consensus) does not necessitate an accurate outcome. This study focuses on this aspect of 
DT, and asks the question "Do experts' responses converge toward a group response, when it 
is clearly not warranted?" 
Hiltz and Turoff (1993) suggest that "going along with the group" is caused by 
"surveillance," and that under anonymous conditions - as is with DT - there is no tendency 
toward conformity (p. 283). On the other hand, Ulschak (1983) has argued that DT is 
"extremely task oriented, and presses to 'grind out' a product" (p. 123). Although 
participants may not be accountable or have their identities/responses disclosed there is 
pressure for participants to produce a quantitative response. 
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Sackman (1975) states: "The iterated expert response to each Delphi item is built on snap 
judgment on the first round followed by various forms of overt and covert conformist 
pressure in succeeding rounds." (p. 63). This implies that despite the cloud of anonymity, 
participants will still tend to move toward the mean of the group response. Is this the case 
regardless of how "expert" the panelists are or how difficult/easy the problem is? 
The subject of this study has been to investigate ifthere is a tendency to follow the group 
feedback when it is clearly not warranted. This was done through a simple "e-Delphi" study, 
where the participants, who had well-defined qualifications for being considered an expert, 
were fed various Prescribed Deceptive Feedback (PDF) (treatments of the experiment) as the 
group response before the second and third rounds ofDT. 
In a study about forecasting wind power growth in the state oflowa (Tolon, 2004), 6 of the 
10 participants did not revise their original forecasts for 2010, while only 3 of the 10 did not 
revise their original forecasts for 2025. Forecasting into the future is more uncertain, thus it is 
very likely that there is less control over the prediction. A guiding principle when designing 
the experiment was to have as much control as possible, while retaining the main features of 
DT. In order to measure the accuracy of the responses by the experts, the assumption that the 
participants can be qualified as experts is critical. Alternatively stated, the goal of the 
experiment needs to be simple enough for the participants to have a grasp of it. Therefore, 
instead of forecasting the if or when of an event in the future, the focus of the experiment - as 
was described to the participants - was to estimate the area of 5 irregular shapes, and 
refine/discuss these estimates based on the response of 19 other participants through DT. 
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All participating experts were Iowa State University students who had taken a university-
level Calculus II (or higher) mathematics course, or were enrolled in Calculus II at the time 
of the experiment. This constraint was chosen to ensure that participants had more than 
sufficient mathematical expertise to tackle the estimation problems, which do not require any 
knowledge of Calculus. While they may not be experts in DT, or estimation per se, they 
should be able to stick to their original estimates when they are presented with feedback that 
is as much as 8% off the target. 
Problem of the Study 
The problem of this study is to investigate participant bias toward the statistical group 
feedback provided in the DT, by conducting a simple experiment with PDF as the statistical 
group responses. This experiment is designed to demonstrate if participants of a Delphi 
panel, who have well-defined (and sufficient) qualifications in the subject matter of the study 
to be an expert, have (or have not) the tendency to move toward the mean of the group 
response - even when such a move is unwarranted. A motivation for this study is to 
investigate the relationship between expertise and accurate outcomes in studies using DT. 
Purpose of the Study 
Linstone (1975) lists eight basic pitfalls of DT: Discounting the future, The Prediction Urge, 
The Simplification Urge, Illusory Expertise, Sloppy Execution, Optimism - Pessimism Bias, 
Overselling, and Deception. This study focuses on the last listed pitfall. In a regular study 
using DT there would probably not be a facilitator who deliberately deceives the panel of 
experts. However, if the experts can't tell the difference between deception and actual group 
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feedback when they have sufficient expertise in the subject matter, what does this mean for 
DT? It is a concern if DT encourages participants who are qualified to be in the expert panel 
to revise their estimations based on erroneous feedback, thus undermining the validity of that 
DT study. No decision-maker would utilize DT for a knowable estimation problem as 
discussed in this thesis; nonetheless this is expected to serve as an excellent example to 
investigate the effects of group feedback on the accuracy ofDT. Although there have been 
some studies involving deception or manipulation ofDT responses, there haven't been 
studies which have provided different levels of PDF as the group response that can be 
verified against the truth and where the experts have well-defined qualifications that is 
sufficient to reach a reasonable solution. 
Organization of the Study 
This section is intended to familiarize the reader with the conducted experiment. The 
experimental design, treatments, and data collection will be discussed in greater detail in 
Chapter 3. During this experiment, twenty participants were made to believe that they were 
part of an e-Delphi study, where the focus was to estimate the area of five irregular shapes. 
They were asked to refine/discuss their estimates based on the Delphi response of the other 
participants. Instead of a Delphi group response they received a PDF. 
Each participant estimated the areas of the same five irregular shapes, in randomized orders, 
and with randomized treatments assigned to the shapes. This was done in a repeated Graeco-
Latin Square design, with four 5 by 5 squares. Each participant estimated the shape, and 
revised their original estimate twice (second estimate, third estimate) given PDF in between 
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the rounds. As shown in Figure 1, the "Delphi" Study consisted of three rounds. In the first 
round all participants provided an estimate for the areas of various shapes without any 
deception. In the second round participants received differing PDF as the group responses 
with TRTs with means that were -8%, -4%, 0% (control), 4%, and 8% off of the True-Area 
(TA), for each shape that the participants were estimating. Since the five shapes have 
different areas, in order to standardize the responses the estimates were converted to a 
percentage of TA. The study variables of interest are y2 (second estimate converted to a 
percentage of TA) and y3 (third estimate converted to a percentage of TA). 
ORDER OF CONDUCTED EXPERIMENT 
Facilitator provides 
estimation problems 
and instructions 
Facilitator shares 
first PDF (deceptive 
treatments) as 
Group Response 
Facilitator shares 
second PDF 
(deceptive treatments) 
as Group Response 
Original Estimate: 
Participant submits 
original estimate of 
the shapes 
Second Estimate: 
Participant 
reconsiders original 
estimate with given 
information (PDF) 
Figure 1: Order of events in the conducted experiment. 
Research Questions 
Third Estimate: 
Participant 
reconsiders second 
estimate with given 
information (Second 
PDF) 
Research Question 1: After receiving the first PDF between rounds 1 and 2, do the 
participants tend to revise their original estimates to come closer to TRT? 
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Hypothesis 1: Participants who receive PDF were expected to revise their original estimates, 
so that their second estimates became closer to TR T. 
Research Question 2: After receiving PDF for the second time between rounds 2 and 3, do 
the participants tend to re-revise their second estimates to come closer to TRT? 
Hypothesis 2: Participants who receive the second PDF were expected to revise their second 
estimates, so that their third estimates became closer to TR T. 
Research Question 3: Is there a difference between the effects ofTRTs with higher level 
deceptions (-8%, 8%) versus effects ofTRTs with lower level deceptions (-4%, 4%)? 
Hypothesis 3: Participants who received the higher level deception TRTs were expected to 
move further away from the TA than the participants who received the lower level deception 
TRTs. In other words the higher the deception the further a participant was expected to move 
away from the TA. 
Research Question 4: Is there a difference between the effects of TR Ts with positive 
deception (4%, 8%) versus the effects ofTRTs with negative deception (-4%, -8%)? 
Hypoth'esis 4: There was no hypothesis for this research question. 
Research Question 5: Do participants with different fields of study, year in college, gender, 
or post-Delphi survey responses, change their estimates differently when PDF is provided? 
Hypothesis 5: There was no hypothesis for this research question. 
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Assumptions of the Study 
1. Expert status is defined as being an Iowa State University student who had taken a 
university-level Calculus II (or higher) mathematics course, or was enrolled in 
Calculus II at the time of the experiment. Although the conducted experiment did not 
require any calculus background, this constraint ensured that participants have 
sufficient math expertise to tackle the estimation problems. Alternatively, it was 
assumed that the estimation problems are not too difficult for the participants. 
2. It was assumed that the types of treatments (-8%, -4%, 0%, 4%, and 8%) were 
appropriate for the estimation problems. It was also assumed that these deceptions 
were not obvious enough to be unbelievable, yet large enough that any detected 
statistically significant difference raises the concern that expertise in being a Delphi 
panelist requires more than expertise in subject matter. Nelson (1978) conducted two 
experiments in which statistical feedback was manipulated, where the amount of 
deception (80% of the distance to the upper or lower limit of the range of "believable 
answers") was subjectively chosen (pp. 47-48). 
3. The measurement techniques used for calculating TA of the shapes were precise and 
accurate of their actual true areas. 
4. It was assumed that participants tackled shapes in the order that they were titled. Each 
shape was printed on a separate sheet of paper labeled Shape 1, 2 etc. with the shapes 
being assigned random orders for different participants. 
5. It was assumed that the three groupings (shapes, participants, and orders) of the 
repeated Graeco-Latin Square design did not interact with one another. 
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Limitations of the Study 
1. The main limitation of the study is due to the broad nature ofDT and its application. 
This experiment will not be statistically generalizable, as is the case with most studies 
using DT, because it addresses specific mathematical estimation problems. The 
participants were out of a specific population - Iowa State University students who 
have taken Calculus II (or higher), or were enrolled in Calculus II at the time of the 
experiment. Instead of a complex issue such as a technology forecasting or 
community planning problem, a simpler problem was chosen to serve as an example 
that is easier to understand and analyze. 
2. Because a less complex estimation problem was chosen for the sake of simplicity, it 
did not involve a time dimension and any accompanying uncertainty. In effect, this 
eliminates some concerns DT's focusing on forecasting problems have, such as bias 
due to a participant hoping a certain outcome, etc. 
3. Some control was lost when the Delphi process occurred over e-mails, especially with 
regard to the order in which shapes were estimated by participants. It could not be 
controlled that the participants actually followed the order in which the shapes were 
organized. 
4. Finally, the PDF did not include a treatment that was the actual statistical group 
response of the participants. The control used in the experiment was TA, rather than 
the estimates. An experiment where both types of control were used would be able to 
better analyze overall tendencies specific to the experiment, not due to the treatments. 
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CHAPTER2: 
LITERATURE REVIEW 
The term Delphi Technique (DT) may be misleading, since experts in a Delphi panel cannot 
guarantee an accurate response, at least not to the extent that would be expected from an 
oracle. Welty (1973) discusses deception in DT with regards to the oracle of Delphi, the case 
of Ino, and Plato's sociology. He describes the influence processes as "the acceptance of 
other's opinions in the absence of one's own knowledge of fact" and considers two possible 
outcomes of deception in DT; Recognition of the deception by the experts, leading to a 
reestablishment of the 'true' value/refusal to participate in a corrupt exercise, or acceptance 
of the deception by the experts, and a move toward the deceptive value. 
Since the early Delphi studies, which were developed at the Rand Corporation in the late 
1940s and early 1950s, there have been many variants of this technique attempting to 
forecast/explore a multitude of problems: forecast a future event or growth of a technology, 
rank values or define goals/priorities for policymaking or educational purposes, etc. Most of 
these variants have the common elements of anonymity, controlled feedback, iterations, and 
a statistical group response (Porter et al. 1991, p. 214), although there are some that use 
partial anonymity, by incorporating face-to-face discussions. 
These variants ofDT have evolved either by conscious decision depending on the problem, 
by ignorance of the facilitator, or because of technological advances over time. While an 
earlier study using DT where panelists responded to the questionnaires via mail would take 
several months to complete, Wong (2003) describes a variant called "E-Del+I", which can be 
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completed over a typical (2 to 3 hour) business meeting. In 1977, Brockhaus and Mickelson 
tried to compile an international list of all Delphi studies published. Their list reached some 
1500 individuals, out of whom about 800 agreed to answer their questions; 70% of them felt 
that the quantification of the consensus of expert opinions in DT had considerably enhanced 
the acceptability of the findings by the organization for which the study was conducted. The 
remaining 30% felt DT slightly enhanced the acceptability of the findings (p. 106). It is safe 
to say that thousands (probably tens of thousands) of studies utilizing DT have been done by 
2005. 
The properties of DT that differ may be the type of statistical group feedback shared between 
rounds, the constraint set to stop at a "final" round and not have another round, criteria for 
selection of experts, extent of anonymity etc. A lot of these depend on the nature of the 
problem, and thus DT can not be universalized to fit all problems. Nevertheless, many critics 
suggest a lot more research needs to be done to better our understanding ofDT, or it should 
not be used. (Sackman 1975, Fischer 1981, Woudenberg 1991) 
There have been articles that compare/list Delphi studies and/or how accurate they have 
been, or that simply look at some of the issues of DT (Brockhaus and Mickelson, 1977, 
Gupta, 1996, Rowe and Wright 1999 etc.), or that compare DT against other group judgment 
methods (Fischer, 1981, Woudenberg, 1991, Lang, 1994 etc.). 
Sackman (1975) did a thorough critique ofDT, which he referred to as "conventional 
Delphi," with an overall suggestion that the scientific community not use it until higher 
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standards have been defined for DT (p. 74-75). After his discussion of portions of the APA 
manual of standards relevant to Delphi, Sackman concludes that DT virtually neglects "every 
major area of professional standards for questionnaire design, administration, application, 
and validation" (p. 27). When talking about the use of experts, Sackman writes "All 
rationalizations about reconsidering, incorporating new information, and converging toward 
consensus can not hide the fact that independent judgment is destroyed once the participant 
knows how others have responded to each item" (p. 19). Scheele (1975) describes 
Sackman's comparison of Delphi versus Social Science Standards as "mundane, boring and 
prosaic" and accuses him of failing to "point out the importance of practical and procedural 
advantage" ofDT (pp. 217-218). Despite all the controversy and criticism surrounding DT, 
variants of this method have been used in numerous studies. Some of the advantages ofDT 
are incorporating a diverse range of opinions, encouraging creative input, synthesizing 
arguments over time, and the assumption that when estimating an unknown, collective effort 
is better than individual effort. As long as DT is understood to be a method used when a 
more standardized alternative is not available, Sackman's (and others') rejection ofDT seem 
harsh and narrow-minded. Despite their obvious differences, a comparison between DT and 
criterion-referenced tests (CRTs) may be useful at this point. There are many criterion-
referenced tests that don't measure what they are set out to, or that have very low passing 
rates due to a high standard required to pass. Does this mean criterion-referenced tests as a 
whole are invalid, and should not be used? Similarly studies using DT need to be looked at in 
detail to see if that study merits acceptance and validation. Critics may respond to this 
comparison by saying what CR Ts purport to measure is verifiable, and thus their validity can 
be evaluated, while what DTs measure will only become verifiable later (when time has 
12 
passed for a predicted event to occur, or when our knowledge in a subject matter grows). 
Another correct differentiation would be that CRTs are designed to be used multiple times 
with different subjects, while DT is designed to extract experts' opinions about a topic at a 
single point in time. Despite these obvious problems of evaluating the validity of DT, 
discrediting the technique based on some bad implementations seems senseless. 
There has been a lot of emphasis on how critical it is to have experts in the Delphi panel as 
opposed to non-experts. Sackman (1975) suggests that practically every Delphi practitioner 
asserts that the outputs are only as good as the expert inputs, cautioning about the GIGO 
principle (garbage in/garbage out), but carries on with examples that suggest informed 
opinion yield similar results as expert opinion (p. 37). Either way the debate of what "expert" 
or "informed" should entail is of the essence. Ludwig (1997) emphasizes that participants 
should not be randomly selected, but invited based on careful consideration of qualifications 
and characteristics. Does this mean that the outcome of a panel, consisting of experts with 
very high qualifications in the subject matter of the study using DT, will result in an accurate 
outcome? 
Having all experts reach a consensus, although desirable, does not assure a reasonable 
forecast or a valid outcome (Bright 1994, p. 44). In a sense, consensus would be desirable 
because a panel of experts have "agreed" on an outcome (or a range of outcomes), and many 
expert heads is better than one expert head. However what is desirable is that experts only 
change their positions when evidence and reasoning warrants it, as opposed to a statistical 
feedback of other experts' responses in a panel. While some participating experts reconsider 
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their responses to the problem (based on the group feedback), others stick to their 
estimations/forecasts over the iterations of the Delphi process. The validity of the outcome 
depends on the participants' expertise, thus making the definition of expert status critical at 
the beginning of a Delphi study. Helmer (1966) recommends weighing the experts based on 
their self-appraisal of how competent they are. 
One of the defining characteristics ofDT, anonymity, is another cause for controversy. 
Sackman (1975) argues that most participants are likely to lean very hard on stereotypes 
when regarded as an expert without being accountable (p. 60). He writes: 
Delphi deliberately factors out face-to-face confrontation, and the adversary process 
associated with it, as one of its prime philosophical tenets justifying efficient 
consensus. Arguments are filtered, buffered, and effectively neutralized in Delphi. A 
panelist can participate without providing any justification for any of his opinions 
throughout the entire procedure. (p. 54) 
Among other criticisms, Weaver (1971) states that it is a consistent and sound observation 
that people tend to shift their estimates toward a group norm under conditions of iteration (p. 
270-271). He goes on to argue that DT is better suited for studying and learning about the 
problem of forecasting, rather than answering it. Dalkey and Helmer also recommend the use 
of DT as a preliminary, or exploratory approach for problems with limited research 
foundations (1963, p. 467). 
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Dalkey, one of the primary developers ofDT, conducted several experiments with one of its 
aims as thoroughly evaluating the controlled feedback as a technique of improving group 
estimates (1972). His team asked almanac-type questions to upper-level and graduate 
college students, and found that "more often than not, the anonymous controlled feedback 
procedure made the group estimates more accurate" (p. vi). Dalkey attributes a lot of the 
improvement over iterations on convergence (p. 34) but does not question what would 
happen if there is an inaccurate average to begin with. Another difference in the studied 
experiment is that the level of expertise is verifiable, unlike in the one of Dalkey, or oth.ers 
(e.g. Parente et. al., 1984) that set out to analyze the accuracy ofDT. The level of 
commitment and expertise of the participants may be questioned, but unlike experts in a 
study forecasting complex futures problems, the experts in this estimation problem have a 
sufficient mathematical background to reach a reasonable estimation. 
In an estimation study by McGregor (1938) with two groups predicting the size of the 
Communist Party in the U.S., 97% of the group that was provided with correct current data 
(33,000 to 38,000) predicted this number would be below 50,000 in the following year (as 
cited in Sackman, 1975, pp. 61-63). On the other hand, 76% of the group that was provided 
erroneous current data (160,000 to 180,000) predicted this number would be between 
150,000 and 200,000 in the following year. This shows that it is easy to manipulate a non-
expert panel through misinformation. Aside from this experiment not having used DT, 
differences from the studied experiment include the use of non-expert participants, and 
deception through an information sheet instead of group-response. 
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Cyphert and Gant (1970) used deception in a DT experiment rating certain 62 values, where 
they changed the initial rating of one of those from low to high. Furthermore, they changed 
the reasons given for the low original response to accommodate the new one. As a result the 
final rating of this bogus statement was considerably higher than average, and the authors 
concluded "the hypothesis that the technique can be used to mold opinion as well as collect it 
was supported." (p. 422) Writing about this experiment, and one of his own, Welty (1972) 
dwells on the possible relationship between expert status and social psychological influence 
processes in DT, and suggests fulither research. 
Scheibe, Skutsh, and Schoper also experimented with deception in DT (1975). In a panel 
rating goals, they altered (lowered) the group feedback for one of the 9 goals of a 
hypothetical transportation scenario and found that a number of positions had moved toward 
the falsified feedback mean in the second round. In the consecutive (unaltered) rounds the 
responses slowly moved toward the original (actual) response, while the fourth round mean 
still stayed below the actual original mean (p. 270). Instead of analyzing the effects of 
deception that alters a subjective response, namely the Likert-scale rating of a goal, the 
studied experiment looks at the effects of deception compared against the truth. 
In "Statistical Manipulation of Delphi Statements: Its Success and Effects on Convergence 
and Stability'', Nelson (1978) found that Delphi panels can be manipulated to produce 
significant changes in their responses. Some of the similarities between his study, and this 
one are that the statistical group feedback used was deceptive, and that deception continued 
until the end of the Delphi process. Nelson's study was more comprehensive in that 
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deception was investigated in both value-probing and fact-probing DT, while this study only 
did the latter, and that there was no predetermined limit on number ofrounds, but a criterion 
- when 20% or less of the participants changed their responses. The studied experiment 
enhances Nelson's research by including 1) non-manipulated narrative feedback, along with 
manipulated statistical feedback - as his first research extension suggests be looked at, 2) 
various levels of prescribed deceptive feedback independent of the original answer, thus not 
limiting the manipulation to combining the pull of the true and the pull of the mean/median, 
but looking at their effects individually, 3) a more anonymous and spread out panel of 
experts, instead of students from one class, and 4) a simpler, more general estimation 
problem, that more researchers can relate to. Another difference is that Nelson's discussion 
revolves around how not to have deception, while this study focuses on the question "to what 
extent does expertise has something to do with panelists being deceived?" 
The fact that feedback can mold opinion, rather than just collect it, ought not to be a negative 
thing if it is based on reason and evidence provided in the feedback. The underlying question 
becomes this: Does DT help produce accurate forecasts/estimates? If the answer is 
conditional, under which conditions does DT help produce accurate forecasts/estimates? 
Zolingen and Klaasen (2002) evaluate the concern of accuracy in DT by differentiating 
between the external and internal validity: 
The external validity of the Delphi method, also called criterion-oriented validity, 
bears on the similarity between judgment about the future and its real value. The 
internal validity of the Delphi method, on the other hand, is concerned with the 
question whether the method itself leads to desired results and forecasts. (p. 328) 
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This study clearly focuses on the external validity of DT, i.e. compares estimation to the 
truth, but also attempts to answer the question posed for internal validity. Woudenberg 
(1991) writes that "not only is the evaluation of the accuracy and reliability of the Delphi 
method hampered by person-and situation-specific biases, but also its validation and 
standardization." (p. 134) Rowe and Wright (1999) write "It is difficult to draw grand 
conclusions on the relative efficacy of Delphi from technique-comparison studies that have 
made no clear attempt at specifying or describing the characteristics of their panels and the 
relevant features of the task" (p. 368). While the characteristics are well defined in this study, 
the conclusions are still relative. Nevertheless, as described in Chapter 1, it is the purpose of 
this study to serve as an example, where expert status and truth are well-defined. Rowe and 
Wright recommend that "there should be more research on the role of feedback in Delphi, 
and how aspects of the task, the measures, and the panelists interact to determine how first 
round Delphi groups are transformed to final round groups" (p. 373). 
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CHAPTER3 
METHODOLOGY 
The "e-Delphi" Study consisted of three rounds, followed by a post-Delphi survey. In the 
first round all participants provided an estimate for the areas of various shapes without 
involving any deception (See Appendix A for the estimation problems and Appendix B for a 
sample Delphi Questionnaire). 
Treatments 
Before the second round, participants received different Prescribed Deceptive Feedbacks 
(PDFs) as the group response with various treatments (TRTs): -8%, -4%, 0%, 4%, or 8% 
away from the "True Area" (TA) of the shapes, and a slightly more correct second PDF 
where the treatments were -7%, -3.5%, ±0.5%, 3.5%, or 7%. The five TRTs, each assigned to 
a participant once, are defined in terms of TA of the shapes. To obtain a more precise 
measurement, rather than just an estimation using triangles/rectangles etc., I printed the 
shapes on 10 squares per centimeter (100 squares per 1 cm2) engineering paper (National 
Brand 12-188), instead of white paper, and counted the squares within the shapes. I counted 
each shape three times to obtain 2 values: (1) by averaging the area obtained by only 
counting the squares that lay fully within the shape, with the area obtained by counting all the 
squares that lay partially in the shape, and (2) by estimating the area of the squares that 
partially lay in the shape and adding that area to that of the squares that fully lay within the 
shape. An average of these two values was used as TA. The lack of a similar experiment in 
the literature prevented me from finding out how much deception should be applied to the 
"group responses." Instead, I compared my own estimations prior to measuring the shapes, 
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with the "true areas", and used an educated guess for what would be appropriate. My crude 
estimations using a ruler and approximating the shapes with triangles and rectangles turned 
out to be within ±4% of TA. The TRTs for both the primary and secondary experiments are 
listed in Table 1. 
T bl 1 T t t f b th th a e : rea mens o 0 d d t e pnmary an secon lary expenmen s. 
Experiment One (Primary Experiment: Group feedback between Rounds 1 and 2 
converted to a percenta2e of the TA) 
Treatment# Treatment 
TRT1 TA-8% (92% of the true area) 
TRT2 TA-4% (96% of the true area) 
TRT3 CONTROL: TA (100% of the true area) 
TRT4 TA 4% (104% of the true area) 
TRTs TA 8% (108% of the true area) 
,, 
Experiment Two (Secondary Experiment: Group feedback between Rounds 2 and 3 
converted to a percenta2e of the TA) 
Treatment# Treatment 
TRT1 TA-7% (93% of the true area) 
TRT2 TA -3.5% (96.5% of the true area) 
TRT3 CONTROL: TA± 0.5% (99.5% or 100.5% of the true area) 
TRT4 TA 3.5% (103.5% of the true area) 
TRTs TA 7% (107% of the true area) 
The secondary experiment TR Ts l, 2, 4, and 5 slightly moved toward the TA from the 
according treatments in the main experiment, while the control (TRT 3) was adjusted by 
±0.5% so that they don't appear identical to the "group response" in the primary experiment. 
The "e-Delphi" Study 
The population of 8161 Iowa State University students, who had taken a university-level 
Calculus II (or higher) mathematics course, or were enrolled in Calculus II at the time of the 
experiment, was identified with the help of the Office of the Registrar at Iowa State 
University. The initial goal was to use a random sample out of this population, so that 
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inferences could be made about the population. Although the invitations were sent to random 
members of the population, less than 3% of the invited participants accepted the offer, thus 
making the idea of a random sample a moot point. Appendix C contains the recruitment e-
mail submitted to the potential participants, and Appendix D shows a preliminary set of 
instructions sent out to those who agreed to participate. Participating experts were 
compensated as described in the recruitment e-mail. 
All of the correspondence was through e-mails, with the exception of the mailing of the 
estimation problems (shapes), to eliminate additional error by use of different printers. 
Experts were given sufficient time and flexibility in methodology to tackle the estimation 
problems. There are DT variants that use different types of group responses. Since the group 
response is the treatment in this experiment it is important to define the statistical group 
response that was shared. In each PDF, the participants were provided with a "group 
average'', a "lower-quartile" (25th percentile), an "upper-quartile" (75th percentile), a 
compilation of optional comments made by participants, and his/her previous estimate for 
each of the five shapes. 
The last two of these were provided accurately: aside from the expert's previous estimates, 
the compilation of optional comments in the primary experiment was "Comments indicated 
either (1) the division of shapes into smaller triangles/squares and the calculation of the areas 
of such smaller pieces, or (2) the use of graph/engineering paper, by counting/estimating the 
squares within a shape." and during the secondary experiment was "Recalculated/revised 
whole area [using either of two methods] - Recalculated/revised "wastes" on edges -
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Scanned, used computer software." The remaining items in PDF (group response and the 
inter-quartile range) were given as follows: The distribution of the actual group response (for 
the first 16 experts) was moved to have its mean at the appropriate treatments. For example if 
a distribution of estimates had a lower quartile of 92% of the TA, an average of 96% of the 
TA, and an upper quartile of 98% of the TA, for the fifth treatment the PDF would include a 
lower quartile of 104% of the TA, an average of 108% of the TA, an upper quartile of 110% 
of the TA, an accurate compilation of the optional comments, and that participant's previous 
estimate for that particular shape. 
As far as the participants' involvement is concerned they took part in 3 e-Delphi rounds, and 
a post-Delphi survey: 
Stage 1: Original Estimate (yO): Participants estimated the area of the shapes without any 
false information (First e-Delphi Round). 
Stage 2: Second Estimate (y2): Participants reconsidered yO given first PDF (Second e-
Delphi Round). 
Stage 3: Third Estimate (y3): Participants reconsidered y2 given second PDF (Third e-
Delphi Round). 
Stage 4: Post-Delphi Survey: A post-Delphi survey was administered to find out about 
participants' self-appraisal (competence), the time spent on the rounds, confidence of 
estimates in each round, if they moved toward the group response, and if they had any 
suggestions, improvements or other comments. (See Appendix F for the survey) 
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Each of stages 1, 2, and 3 resulted in numerical estimations of the five shapes by the twenty 
participants. The 100 original estimates (yO) have been incorporated in the model as the 
covariates, and the 100 second and 100 third estimates (y2 and y3) were the observed 
dependant variables of the model for the primary and secondary experiment respectively. 
Some participants had a consistent extreme error in their first round estimates. If this was the 
case, I requested they check for that in an e-mail stating "I'm afraid there may be a systematic 
error in your calculations. Keep in mind; since you are estimating an area, it is units-squared. 
For example, for shape 3, you are estimating the area as being equivalent to a rectangle the 
size of 3 units by 5 units (15 units-squared)." Out of four such e-mails three identified the 
error and resent their first round estimates. In all of these three cases, the five areas were 
multiplied by a constant (25, 3, and 2). The fourth one was a case where both the first and the 
revised versions of the first estimates had very little to do with the estimation problems. This 
participant's estimates were 218.68%, 358.28%, 230.56%, 213.65%, and 176.37% of the true 
areas, and the five estimates were the numbers 10, 11, 12, 13, and 15 squared. The participant 
admitted to being busy and not spending any time on them, but the revised first round 
estimates were 99.70%, 358.28%, 297.73%, 519.29%, and 655.40% of the true areas, upon 
which that participant was discontinued and replaced by another student. A second 
discontinuation occurred when a participant became non-communicative. That participant 
also was replaced. Two participants became non-communicative after thee-Delphi process 
was concluded and did not submit their post-Delphi surveys. Those participants were not 
replaced. 
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Experimental Design: Repeated Graeco-Latin Square Design 
An experimental unit was a person estimating a shape. In order to obtain a sufficient sample 
size there would either have to be many participants, or participants estimating multiple 
shapes. Having participants answer multiple estimation problems helps simplify the design of 
the experiment and reduce the number of participants, while producing sufficient number of 
experimental units. Some concerns with this approach were whether or not there is a 
difference between (a) the "difficulty" of estimating the areas of the different shapes, (b) the 
participants, and ( c) the order in which the shapes were estimated. A Repeated Graeco-Latin 
Square design, as discussed by Cochran and Cox (1957, pp 132-133) was chosen to eliminate 
consistent differences between the rows (shapes), columns (participants), and the subscripts 
(order). 
The main concern with using a single square was that five participants (25 experimental 
units) may not be sufficient to determine differences between the effects of TR Ts. In a 6 by 6 
Repeated Latin Square experiment discussed in Cochran and Cox (1957, pp 121-124) two 
squares were thought to be sufficient to analyze samplers' errors in measuring the height of 
wheat shoots. Because of the similarities between the shoot example and this one, and 
because there cannot be a 6 by 6 Graeco-Latin Square design, a Repeated Graeco-Latin 
Square design with four 5 by 5 squares equaling 20 participants and a sample size of 100 was 
decided to be sufficient. 
The participants, TR Ts, and the order of shapes were randomly assigned to the experimental 
design. Table 2 displays the design of the first of four squares for the main experiment, with 
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5 subjects. The experimental design for the remaining three squares can be seen in Appendix 
E. 
Sub'ect4 
Order Order TRT 
1 5 0 
4 2 4 
5 3 8 
3 4 -4 
2 1 -8 
According to this design the randomized 20 participants were provided with the five shapes 
in a specific order (before round one), and were given specific TRTs for each shape during 
the first PDF (before round two). During the secondary experiment (second PDF), everything 
was basically the same except for the adjustments of the TR Ts as described earlier (before 
round three). 
Statistical Concerns with the Second Experiment 
While in the second stage (primary experiment) the treatments (-8%, -4%, the control, 4%, 
and 8%) were randomized, this was not the case in stage 3. Since Stage 3 is dependant on the 
treatments applied in stage 2, there are more permutations to choose from. For the secondary 
experiment (second PDF), instead of choosing between the five treatments 1 thru 5, we 
would need to choose between the five treatments 1thru5 given a history of the treatments 
1/2/3/4/5 used in the primary experiment. Using a treatment for each of these possibilities 
would require six times as many participants as in the primary experiment, which is very 
impractical. Therefore the second experiment only focused on these possibilities: TRT1-
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given- TRT1, TRT2-given- TRT2, TRT3-given- TRT3, TRT4-given- TRT4, TRT5-given-
TRT5. Similarly, once the participants received the shapes in a randomized order, it doesn't 
make sense to re-randomize for stage 3, since they will be familiar with the shapes from prior 
estimations. 
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CHAPTER4: 
DATA ANALYSIS 
As a result of the "e-Delphi" Study there were 100 estimates, that is 20 subjects x 5 shapes= 
100 experimental units, for each of the three stages. A complete list of these estimates is in 
Appendix G, and Appendix H contains the SAS program with standardized versions of the 
300 estimates. The standardized response variables are "the second estimates, as a percentage 
of "True Area" (TA)" (for the primary experiment) and "the third estimates as a percentage 
of TA" (for the secondary experiment). They are called y2 and y3 respectively. 
An Analysis of Covariance (ANCOV A) strategy was used to analyze the data. The SAS 
System for Mixed Models describes ANCOV A as "a strategy for analyzing data from a 
designed experiment where, in addition to the response variable, one or more continuous 
variables are measured on each experimental unit" (Littell et. al., 1996, p. 171). The covariate 
included in the model is yO (the original estimate as a percentage of TA). Since the main goal 
in this study is to investigate the way participants change their estimates with respect to the 
truth, using yO helps remove variability that could not be controlled or was not created due to 
the treatments. In a sense, it gives us a baseline from which to evaluate each estimate. Data 
were analyzed using SAS 9.1 and MS Office Excel 2003 for PC. The results are described in 
the discussion of the research questions, however for both the primary and secondary 
experiments an unequal slopes model was used to fit the data. This was done because in both 
cases the hypothesis of slopes equal to zero ( H 0 : /31 = /32 = /33 = /34 = /35 = 0, HA: not Ho) 
and the hypothesis of equal slopes ( H 0 : /31 = /32 = /33 = /34 = /35 , HA: not Ho) were rejected. 
Due to these unequal slopes the adjusted treatment means (LS Means) were analyzed for 
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three values of yO: y0=0.8, yO=l.O, yO=l.2. A significance level of 0.05 was used for the F 
tests. 
The averages of the 20 standardized estimates for each of the five treatments (TR Ts), for 
each of the three rounds are shown in Figure 2. Given that there was no deception during the 
first round, those averages did not have anything to do with the treatments. These averages of 
original estimates are also closer together than the averages for rounds two and three, which 
is contrary to what would be expected in a Delphi study. In round two, the averages follow 
the order of treatments: average of estimations for the TRT5 (+8%) >average of estimations 
for the TRT4 (+4%) >average of estimations for the TRT3 (0% - control)> average of 
estimations for the TRT2 (-4%) >average of estimations for the TR Tl (-8%). These 
differences become more apparent after the second PDF in round three. 
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Figure 2: Comparison of treatment averages. 
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When designing the experiment, one concern was whether participants could scan the shapes 
and have some software calculate the area. I inquired about the possibility of this with several 
computer support persons (from the Mathematics Dept., College of Design/Engineering/ 
Education, and the [Computer] Solution Center of Iowa State University). The consensus was 
that this would either not be possible, or would require considerable effort to do properly. In 
the optional comments section, two participants mentioned having used software to estimate 
a scanned version of the shape, which attests to the usefulness of the "many heads are better 
than one" adage in situations where limited information is available. One used "Solidworks" 
(Expert #25) to estimate the shapes, the other "Universal Desktop Ruler" (Expert #22). 
Expert #25, turned out to be the most "expert" participant, and interestingly spent the most 
time on the estimation problems, had the highest confidence ratings, and had the best 
estimates, while not changing estimates in light of deception. Expert #22, on the other hand 
was closer to the treatment than the TA on seven of eight revised estimates, so the use of 
software did not help recognize the deception. Based on these results after the experiment 
was completed, with the help of a CAD designer I used a CAD package (Microstation V8 on 
PC) to estimate the area of the shapes. While the resulting estimates were very precise when 
compared to TA, they were consistently inaccurate (ranging from 75.4% to 77% of TA). We 
attributed this to a conversion of the image file from MS Word into the CAD package. To 
successfully use such a method (as #25 apparently did) required software expertise, time and 
effort beyond what was expected of participants. Overall, the concern of having participants 
use software to know the true area of the shapes and therefore not be deceived proved 
insignificant. 
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Research Question 1 
After receiving the first PDF between rounds 1 and 2, do the participants tend to revise their 
original estimates to come closer to the TRT? 
Hypothesis 1: Participants who receive PDF were expected to revise their original estimates, 
so that their second estimates became closer to TR T. 
Figure 2 implies a trend that participants tend to move toward TR T rather than TA. However, 
is there a statistically significant difference between TR Ts, and if so, how do they compare to 
the control? 
As mentioned the ANCOV A strategy used for data analysis was the unequal slopes method. 
The model is: 
y2 ijki= µ + (Person)i + (Shape)i + (Order)k + (TRT)1 + (yO) + (yO * TRT) +Error, where y2 
is the standardized second estimate (dependant variable), Person is the grouping of 4 squares 
(3 degrees of freedom) plus 5 participants per square (4 degrees of freedom times 4 squares), 
Shape 1 to 5 (4 degrees of freedom), and Order 1 to 5 (4 degrees of freedom) are the other 
two groupings for the Repeated Graeco-Latin Square design, TR T 1 to 5 is the treatment ( 4 
degrees of freedom), yO is the standardized original estimate (the covariate with 1 degree of 
freedom), and yO*TRT is the interaction between the covariate and treatment (4 degrees of 
freedom). 
Table 3 shows the Type III F statistics, which indicate that all groupings, except for which 
shape was estimated, significantly contributed to the model. This means that the 
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standardization of estimates went smoothly. Since the p value for TRT is 0.0001, at least one 
of the five TR Ts is significantly different from the others. This model had 36 degrees of 
freedom (63 for the error) and explained 82% of the variability. 
Table 3: Type III Sum-of-squares for the model for y2. 
Effect NumDF DenDF FValue Pr>F 
Person 19 63 2.36 0.0057 
Shape 4 63 1.69 0.1638 
Order 4 63 2.78 0.034 
TRT 4 63 6.77 0.0001 
yO 1 63 44.05 <.0001 
yO*TRT 4 63 7.51 <.0001 
Table 4 displays the p values for the t tests of all TR Ts for the primary experiment at three 
values of the covariate. The values with a yellow background show that those TR Ts are 
significantly different from one another. 
Com arisons Vs. Control 
TRT3 (0%) TRTl (-8%) 
TRT3 (0%) TRT2 (-4%) 
TRT3 0% TRT5 (8%) 
Com arisons Vs. 0 
TRTl (-8% 
TRT2 (-4%) 
Com arisons Vs. 0 
TRT2 (-4%) 
TRTl (-8% 
·Note: Cells with a yellow back 
The hypothesis test of no difference between TRT 1/2/4/5 and TRT 3 (control) show that 
while only TRT 5 (+8% deception) was significantly different from TRT3 at yO=l.O 
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(covariate= TA), TRTs 2 and 4 were different at y0=0.8 (covariate= 80% of TA), and TRTs 
1, 2, and 4 were different from the control at yO=l.2 (covariate= 120% of TA). 
This means that although TRTs didn't have the same effect on re-estimations at different 
covariate values, a statistically significant effect was detected on half of the reconsidered 
estimates. This also means that for the remaining six comparisons the difference from the 
control, if any, is not (statistically) large enough to detect with this sample size. 
Table 5 shows the LS Means for the TRT groups and their 95% Confidence Intervals (CI) for 
the three values of yO (Figure 3 shows only the LS Means). In Table 5, the cells with pink 
background are the ones where the 95% CI is above or below TA. Out of the 15 LS Means 
10 have a CI that is above or below TA (in which the group is off target). This means that, 
with 95% confidence, the hypothesis that the TRT average ofy2 equal 100% (TA) would 
have to be rejected for those 10 groups. One striking point is that the average y2 of the 
control group is considerably less than TA; i.e. the LS Mean value for TRT3 when yO=l, is 
98.54%, the CI is below TA when y0=0.8 and above TA when yO=l.2. 
Table 5: Least-square means for each treatment (with 95% Confidence Intervals) at three 
covariate values (y0=0.8, yO=l.0, and 0=1.2) for the rimar ex eriment. 
105.77% 
Note: Treatment estimates and 95% CI that have a pink background do not have the "True Areas" (100%) 
within that Cl. 
Cl. 
:::i e 
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Figure 3: Comparison of treatment averages for y0=0.8, yO=l.O, and yO=l.2 for y2. 
In hypothesis 1, the second estimates were expected to move toward TRT rather than TA. In 
order to track the movements of the estimates rather than averages, the yO's and y2's were 
grouped into three categories: 1) Between TRT and TA, 2) Outside ofTRT, and 3) Outside 
of TA. Figure 4 shows the domains of these three categories. 
FOR POSITIVE TREATMENTS (8% AND 4%): 
TA(l00%) TRT + 
. ._I _o_u_ts_id_e_o_f_T_A __ _.l I Between TRT & TA 
FOR NEGATIVE TREATMENTS (-8% AND -4%): 
TRT TA(l00%) + 
I Between TRT & TA II Outside of TA 
Figure 4: Possible domains of estimates. 
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For this analysis the 20 original and second estimates for the control were excluded, since the 
TRT and TA were the same. Out of the remaining 80 original estimates 38 were outside of 
TA, 22 outside ofTRT and 20 in between. This makes sense since about half (38) were 
outside of TA and the other half (42) were not, before any TRT was applied. When the first 
PDF was shared with the participants, this ratio changed from 38/42 to 23/57. Also, the ratio 
of the number of estimates closer to TRT over the number of estimates closer to TA changed 
from 30/50 to 36/44. Table 6 lists the categorizations and movements of the primary 
experiment data (original estimates and the second estimates). 
T bl 6 L' f fO d2 dh' . b a e : ist o categonzat10ns o y an y , an t elf movement m etween. 
Type of 
#@yO 
Closer to 
Movement #@y2 
Closer to 
Estimate TRT/TA TRT/TA 
20 Stayed between TRT and 
Between TA: 
TRTand 20 8 12 - 10 moved to TRT 39 18 21 
TA - 6 stayed the same 
- 4 moved to TA 
Outside of 
16 stayed outside TRT: 
22 22 0 - 2 stayed same 18 18 0 
TRT 6 moved between TRT & TA 
23 stayed outside TA 
Outside of - 3 stayed same. 
TA 
38 0 38 13 moved between TRT & TA 23 0 23 
2 moved outside TRT 
Research Question 2 
After receiving PDF for the second time between rounds 2 and 3, do the participants tend to 
re-revise their second estimates to come closer to TRT? 
Hypothesis 2: Participants who receive the second PDF were expected to revise their second 
estimates, so that their third estimates became closer to TRT. 
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The same ANCOV A strategy was used for the secondary experiment as in the primary 
experiment. The model is the same except that the response variable is y3: 
y3 ijkI= µ + (Person)i + (Shape)j + (Order)k + (TRT) 1 + (yO) + (yO * TRT) +Error, where y3 
is the standardized third estimate (dependant variable), Person is the grouping of 4 squares (3 
degrees of freedom) plus 5 participants per square (4 degrees of freedom times 4 squares), 
Shape 1 to 5 ( 4 degrees of freedom), and Order 1 to 5 ( 4 degrees of freedom) are the other 
two groupings for the Repeated Graeco-Latin Square design, TR T 1 to 5 is the treatment ( 4 
degrees of freedom), yO is the standardized original estimate (the covariate with 1 degree of 
freedom), and yO*TRT is the interaction between the covariate and treatment (4 degrees of 
freedom). 
Table 7 shows the Type III F statistics, in which all groupings had a smaller p value than in 
the primary experiment. However, this time order was not significant, while shape became 
significant. Since the p value for TRT is 0.0001, at least one of the five TRTs is significantly 
different from the others. This model had 36 degrees of freedom (63 for the error) and 
explained 77% of the variability. 
Table 7: Type III S f fi h d 1 fi 3 um-o -squares or t e mo e ory . 
Effect NumDF DenDF FValue Pr>F 
Person 19 63 1.88 0.0322 
Shape 4 63 2.71 0.0378 
Order 4 63 1.81 0.1376 
TRT 4 63 4.48 0.003 
yO 1 63 21.13 <.0001 
yO*TRT 4 63 5.04 0.0014 
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Table 8 displays the p values for the t tests of all TR Ts for the secondary experiment at the 
three values of the covariate. The values with a yellow background correspond to TRT pairs 
that are significantly different from one another at the given yO value. In the secondary 
experiment 7 out of 12 comparisons against the control were significantly different, while, 
once again there was no consistent effect of treatment based on the covariate. For the 
remaining five comparisons the difference from the control, if any, was not (statistically) 
large enough to detect with this sample size. 
T bl 8 C a e : ompansono fT t t t thr rea mens a . t 1 ee covana e va ues ( 0 0 8 0 1 0 d 0 1 2) y = ,y = , an y = 
v0=0.8 vO=l vO=l.2 
Comparisons Vs. Control Pr> ltl Pr> ltl Pr> ltl 
TRT3 (0%) TRTl (-8%) 0.4656 0.1952 >, .. /.· •·.· '6~()498 .. 
TRT3 (0%) TRT2 (-4%) . •·, ···0:0045 0.8 ,-0;0021' 
TRT3 (0%) TRT5 (8%) 0.1459 '.):1;.•!\ '·~:0001 · ... ,'>'• ;o:bo2.3' 
TRT3 (0%) TRT4 (4%) 0.QOl5 .. .. O.oo~7j 0.7236 •· . . 
Comparisons Vs. Oo:JOsite sign, Same Level Pr> ltl Pr>~ Pr> ltl 
TRTl (-8%) TRT5 (8%) 0.5664 · ,, .. ..... :n:~oO(fl ... 
TRT2 (-4%) TRT4 (4%) 0.8994 .:, <:1. •··• O.Oo48 · ... 0.0017. 
Comparisons Vs. Same sign, Opposite Level Pr> !ti Pr> ltl Pr> ltl 
TRT4 (4%) TRT5 (8%) 0.1721 
· ... 
. .0.0227 
' .... 
0.0007 
TRTl (-8%) TRT2 (-4%) 0.0559 0.2947 0.2707 
Comparisons Vs. Oo JOsite sign, Oooosite Level Pr> ltl Pr> ltl Pr> ltl 
TRT2 (-4%) TRT5 (8%) 0.1728 ' ~' ~.OOOL 1 ••••.. • . /; <.OOOL 
TRTl (-8%) TRT4 (4%) 0.0598 '(t0002 0.0717 
Note: Cells with a yellow background imply compared treatments are siimificantly different. 
Table 9 shows the LS Means for the TRT groups and their 95% CI, for the three values of yO 
(Figure 5 shows only the LS Means) for the secondary experiment. For 13 of the 15 Cl's if 
TA was within the CI during the primary experiment it stayed there, and if TA was not 
within the CI, TA stayed outside the CI. All but one (TRT 4 for yO=l.2) of the LS Means 
moved further toward TRT for y=l.O and y=l.2, while only one of the five LS Means did so 
when y0=0.8. This implies that the lower the original estimate the lower the likelihood of 
TR Ts having the desired effect. The differences of treatments at different values of yO can be 
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seen in Figure 5; as yO decreases, the LS Mean for TR T3 first becomes less than that of 
TRT2, and then that ofTRTl, while the LS Mean for TRT5 becomes less then those of 
TRT4 and TRT2. 
Table 9: Least-square means for each treatment (with 95% Confidence Intervals) at three 
covariate values (y0=0.8, yO=l.O, and yO=l.2) for the secondary experiment. 
TRT 
1 
2 
3 
4 
5 
102.97% 
Note: Treatment estimates and 95% CI that have a pink background do not have the "True Areas" (100%) 
within that Cl. 
Adjusted Mean Comparison of Different Treatments for y3 
110.00% 
0.. 
::I 
0 ... 
C> 105.00% -c: Q) 
~TRT5(108%ofTA) E - -.rRT4(104%ofTA) "' Q) 100.00% ...._TRT3(100%ofTA) ...
I- ..... TRT 2 (96% of TA) -0 ..... TRT 1 (92% of TA) 
c: 
"' 95.00% Q) 
:::ii: 
(/) 
..J 
90.00% 
85.00% +--------------------r----------1 
y0=0.8 y0=1 y0=1.2 
yo Value (Covariate) 
Figure 5: Comparison of treatment averages for y0=0.8, yO=l.0 and yO=l.2 for y3. 
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The fact that the average of y3 values for the control group decreased further away from the 
TA, and all three 95% Cis for the control did not include TA was somewhat surprising. 
While it was hypothesized that some of the TRT averages would yield y3 values significantly 
different from TA, having the control group average of y3 values be significantly different 
from TA was not. Similar to a situation where a patient taking a placebo drug starts to 
recover from an illness, participants who were given the true area of a shape, on average, 
started to revise their estimate to be significantly lower than TA. This raises a concern that 
participants may have had a tendency to revise their estimates to be less than the true areas of 
the shapes, independent of any tendency to revise their estimates according to TR Ts. 
In hypothesis 2, the second estimates were expected to further move toward TRT rather than 
TA. Table 10 lists the categorizations/movements of the second estimates and the third 
estimates, in the same manner as was done for Research Question 1. This time values for the 
second estimate and the third estimate are displayed. 
T bl 10 L' t f t . t' f2 d3 dth' t' b tw a e : is o ca egonza 10ns o y. an y , an eirmovemen m e een. 
Type of 
# @y2 
Closer to 
Movement #@y3 
Closer to 
Estimate TRT/TA TRT/TA 
35 stayed between TRT and TA: 
Between 
- 18 moved toward TRT, 
TRTand 39 18 21 
- 1 moved toward TA, 
45 29 16 
TA 
- 16 stayed the same. 
1 moved to outside TA. 
3 moved to outside TRT. 
Outside of 15 stayed outside TRT: 
TRT 
18 18 0 - 3 stayed the same. 18 18 0 
2 moved between TRT and TA. 
Outside of 
16 stayed outside TA 
TA 23 0 
23 - 3 stayed same 17 0 17 
7 moved between TRT and TA 
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More movement can be traced toward TR T rather than TA. Of the 3 5 that stayed between 
TRT and TA, only 1 moved toward TA. The ratio of outside of TA versus outside of TR T 
plus between TRT and TA changed further from 23/57 to 17/63. Furthermore the ratio of 
number of estimates closer to TRT to number of estimates closer to TA again grew from 
36/44 to 47/33. 
In other words, by the end of the secondary experiment more estimates were closer to the 
deception, than TA. In such an exercise where all participants have sufficient background in 
the subject matter this result is striking. Overall the changes in experts' estimations were 
closer to the deception in the secondary experiment, than in the first experiment. 
Research Question 3 
Is there a difference betwe~n the effects ofTRTs with higher level deceptions (-8%, 8%) 
versus effects ofTRTs with lower level deceptions (-4%, 4%)? 
Hypothesis 3: Participants who received the higher level deception were expected to move 
further away from the TA than the participants who received the lower level deception. In 
other words the higher the deception the further a participant was expected to move away 
from the TA. 
The LS Means for yO, y2, and y3, displayed in figure 2, show that the higher level deceptions 
were, on average, stronger than the lower level deceptions. The ANCOV A model only 
partially supports this conclusion. The LS Means and their 95% CI, in Tables 5 and 9 show 
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that TR Tl resulted in a lower LS Mean than TRT2 three out of six times, and that TRT5 
resulted in a higher LS Mean than TRT4 four out of six times. 
The comparisons in Table 4 ofTRTs with opposite levels are also relevant to answering this 
research question. Of the comparisons between 1 & 4, and 2 & 5 (opposite signs, opposite 
levels), and 1 & 2, and 4 & 5 (same signs, opposite levels), only TRTs 2 & 5 were 
consistently significantly different through all values of the covariate, while TR Ts 4 & 5 
were significantly different at the yO=l.O and yO=l.2. Of twelve comparisons (four pairs at 
three covariate values), in five of these pairs significant differences were detected for the 
primary experiment. Table 8 shows these comparisons for the secondary experiment. The 
two differences, from the results in Table 4, were that (1) TRTs 2 & 5 stopped being 
significantly different at y0=0.8, and (2) TRTs 1 and 4 became significantly different at 
yO=l .O. The total of significantly different pairs is again 5. Combining all these comparisons 
10 out of 24 TRT pairs were significantly different, while the hypothesis of no difference for 
the remaining 14 pairs could not be rejected with this sample size. 
Reviewing Tables 4 and 8 together, it becomes clear that more comparisons are significantly 
different (9of16) at yO=l .O and y=l .2 while only one of eight is significantly different at 
y0=0.8. The difference between higher covariate values and lower ones may be attributed to 
the distribution of the original estimates. Of the 100 yO estimates 54 were under TA and 46 
were over, however, the original estimates that were extreme overestimations of TA were so 
by considerably more than the ones that were extreme underestimations of TA. The highest 
yO in the data was 169% of TA, while the lowest one was 75% of TA. This may have been 
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the reason why fewer TRT comparisons were detected as significantly different at y0=0.8. 
Nevertheless these findings partially support the hypothesis that TRTs with higher level 
deception result in more movement away from TA than TRTs with lower level deception. 
Research Question 4 
Is there a difference between the effects ofTRTs with positive deception (4%, 8%) versus the 
effects of TR Ts with negative deception (-4%, -8%)? 
Hypothesis 4: There was no hypothesis for this research question. 
The LS Means Cls in tables 5 and 9 show that it has been the case, more so than not, that 
positive deception has resulted in statistically higher estimates, and negative deception has 
resulted in statistically lower estimates. 6of12 Cls were below TA for TRTl and TRT2, 
while the other 6 contained TA. 6of12 Cls were above TA for TRT4 and TRT5, while 3 
contained TA, and 3 (all 3 at y0=0.8) were below TA. Similar to not detecting as many 
differences between high level vs. low level TR Ts for lower values of yO (as discussed in 
Research Question 3), the tests of no difference for comparisons between positive and 
negative TRTs all failed to be rejected at y0=0.8. In the comparison between LS Means for 
TRTs 1 & 5, and 2 & 4 (opposite signs, same levels) both were significantly different for 
nearly all the middle and high values of the covariate, with the exception of the comparison 
of LS Means ofTRTs 2 & 4 at yO=l.O. Since the comparisons between LS Means ofTRTs 2 
& 5, and 1 & 4 (included in the discussion in the Research Question 3) have opposite signs, 
and opposite levels of deception, they are relevant here as well. Of all 24 comparisons of 
TRT LS Means between positive and negative TRTs 13 were detected to be significantly 
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different, while 11 were not. Of the 11, where no difference could be detected, 7 were from 
y0=0.8, 2 from yO=l .O, and 2 from yO=l .2. 
The findings from the previous paragraph partially support that the effects of positive TR Ts 
are different from negative TRTs. Their difference, however, does not necessarily exclude 
the possibility that they may have the same effects in opposite directions. Fitting linear 
regression lines to the TRT LS Means vs. TRTs data, the sets (for y2 and y3) with the low 
covari.ate value have a small positive slope for y2 and a small negative slope for y3, while the 
sets with medium and high covariate values have regression line slopes that are positive and 
larger. This means that, despite the interaction between the covariate and the TRTs (except 
for y3 at y0=0.8), on average, positive TRTs cause original estimates to be revised to higher 
values than negative TRTs. The r-square values are extremely small for y0=0.8 (0.02 & 
0.13), larger for yO=l.2 (.76 & .61) and highest for yO=l.O (both .91). The best fit was found 
for TRT LS Means vs. TRTs at the mean of the covariate (yO=l.0), where TRTs had the 
same effect in opposite directions. While this can be argued for the higher value of the 
covariate, this was definitely not the case for the lower yO. (TRTs with opposite signs did not 
have the same effect in opposite directions on estimates that were extremely underestimated.) 
Research Question 5 
Do participants with different fields of study, year in college, gender, or post-Delphi survey 
responses, change their estimates differently when PDF is provided? 
Hypothesis 5: There was no hypothesis for this research question. 
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The panel demographics were as follows: 
College: 12 of the experts were students in the Engineering College, 4 in Liberal Arts and 
Sciences, 2 in Agriculture, and 2 in Business. 
Classification: 3 of the experts were freshmen, 4 sophomores, 5 juniors, 7 seniors, and 1 was 
a graduate student. (Freshman=l, Sophomore=2, Junior=3, Senior=4, or Graduate=6) 
Gender: 9 of the participants were female, and 11 were male. 
18 out of the 20 participants completed the post-Delphi survey. The additional information 
gained from the Post-Delphi survey can be seen in full in Appendix I. Here is a summary of 
the items: 
Competency (#1): On a Likert scale from 1 to 9, (1: least competent, 9: most competent, and 
5: sufficiently competent) none of the experts rated themselves below 5. All were between 5 
and 7, except for one 9, who was in fact the most competent participant. (Participant #25) 
Time Spent on each of rounds 1, 2, and 3 (#2): The majority of participants spent between 
30 and 60 minutes during the first estimation, and less than 30 minutes during the second and 
third estimations. 
Confidence of each estimate 1, 2, and 3 (#3): Similar to competency these were on a Likert 
scale from 1 to 9, with 5 being sufficiently confident. On average the level of confidence 
showed a slow increase from estimate 1to2 and also from estimate 2 to 3. 10 of the surveys 
showed that the confidence ratings increased over the three rounds, while 4 decreased, and 
another 4 stayed the same. There was almost no correlation between overall level of 
confidence and the distance of the estimates from TA. This supports Rowe and Wright's 
(1999) conclusion that confidence ratings should not be used as a measure of quality of 
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expertise (p. 372). Another point they mention is the correlation between experts' not 
changing their original feedback, with increase in confidence ratings. There also was almost 
no correlation between difference in confidence rating and the difference of standardized 
estimates. (Correlation coefficients ranged from 0.08 to 0.14 for both correlation analyses.) 
Moved to group response because didn't trust their own estimates (#4): 11 said yes, and 
7 said no. No correlation was found between having consciously moved to the group 
feedback and deceivability. This implies that experts' tendency to be pulled to the group 
feedback exists whether they move towards it knowingly or not. 
Suggestions for Improvement and Other comments (# 5 & 6): The comments given in 
the post-Delphi survey for questions five and six about improvements and other comments 
are provided in Table 12. Those comments varied; however, many were subject specific 
comments (that more technology, software should be used etc.), a few were regarding the 
Delphi Technique, and others were not relevant. One suggestion was that the answers of all 
other panelists be shown during the rounds. This may be a good idea as an optional piece of 
information. Since many experts already lack the time commitment to participate in DT 
studies, bombarding them with data, instead of statistics may be undesirable. 
None of the additional data added to the model significantly. The closest was the 
classification of experts with a p-value of 0.1226 for the Type III F-test. This is not too 
surprising because of the sample size. Although there were 100 experimental units for the 
purpose of analyzing TR Ts, there were only 20 (18 for survey data) experimental units for 
the purpose of answering research question #5. 
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CHAPTERS: 
CONCLUSIONS 
Many investigators caution Delphi facilitators to either not generalize or be statistically 
sound and careful when generalizing from a Delphi outcome (Sackman 1975, p. 26; Fitch et 
al. 2001, p. 82). 
The Analysis of Covariance strategy discussed throughout Chapter 4 supports the hypotheses 
for the first three research questions. It is not a big surprise that not all corresponding null 
hypotheses were rejected, since the unequal slopes method used for the covariate makes the 
ANCOVA increasingly conservative (i.e. increased risk of Type II Error -failing to reject a 
false null hypothesis). The main findings from the ANCOVA strategy are listed: 
1. In the primary experiment, 6of12 covariate-specific treatment (TRT) Least-Square 
Means (LS Means) were significantly different from the control's (TRT3) LS Means. 
This ratio increased to 7 of 12 for the secondary experiment. The control had an LS 
Mean which was between the positive and negative TRTs (as would be expected) 
only at the mean value of the covariate (yO), suggesting the possibility of tendencies 
independent from those based on TRTs at higher and lower values ofyO. 
2. In the primary experiment, 10 of the 15 of the 95% Confidence Intervals (Cis) for the 
LS Means of covariate-specific TR Ts did not contain the "True Areas" (TA) of the 
shapes. Of those 10 LS Means, 2 were of the control, 2 were above/below the TA in 
the opposite direction as the deception, and 6 were above/below the TA in the 
direction of the deception. For the secondary experiment, again 10 of the 15 of the 
95% Cis for the LS Means of covariate-specific TR Ts did not contain TA. Of those, 3 
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were the control, 1 was above/below the TA in the opposite direction as the 
deception, and 6 were above/below the TA in the direction of the deception. 
3. Comparing levels of deception, TR Tl (-8%) resulted in a lower LS Mean than TRT2 
(-4%) three out of six times, and TRT5 (8%) resulted in a higher LS Mean than TRT4 
(4%) four out of six times, while 10 of24 comparisons between high and low-level 
treatments were significantly different. 
4. Of the 24 TRT pairs with opposite signs 13 were significantly different. For the 
medium (and possibly high) covariate value, the effects ofTRTs with opposite signs 
were not different (just in different directions), while this conclusion cannot be drawn 
for the lower value of the covariate. At and around the covariate mean, there is a 
small interval where the TR Ts' effect are as hypothesized, while some of the TR Ts 
change when the covariate is off TA in either direction. 
The analysis of the categorization of estimates (Outside TRT, Outside TA, or Between TRT 
& TA), and their movements from round 1 to 2, and round 2 to 3, also confirm the 
hypotheses for research questions 1 and 2. The ratio of number of estimates outside TA to 
"not outside TA" changed from 38/42 for the original estimates, to 23/57 for the second 
estimates, and finally to 17/63 for the third estimates. This implies that there was a pull of the 
TRT for roughly four out of five estimations, by the end of the third round. The ratio of 
estimates' closeness to TRT versus TA changed from 30/50 for the original estimates, to 
36/44 for the second estimates, to 47/33 for the final estimates. The number of estimates 
closer to TRT increased in every round and by the end of the third round about 59% of the 
estimates were closer to the deception (as opposed to 38% after the first round). 
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As several comparisons have shown, participants had a tendency to revise their original 
estimates to be closer to the Prescribed Deceptive Feedback (PDF), so this study adds to the 
former studies that indicate the Delphi Technique (DT) encourages convergence of 
responses; by saying there is convergence in DT even in cases where convergence is clearly 
not warranted. 
The most important observation was that experts further changed their responses to approach 
the deception in the third round. The success of the second PDF, in conjunction with the fact 
that most post-Delphi confidence ratings increased from estimate 1 to 3, is striking. A more 
confident response would be expected to be more accurate, which in this case was the 
contrary. 
Undoubtedly, if a TRT with 50% deception was used in this experiment, the chance of 
experts "falling for that deception" would be minimal. The fact that several TRT means are 
visibly (and statistically) different suggests that the experts did not "stick to their guns" and 
were deceivable more often than not. The conclusion from this is that a well-defined 
qualification for expertise in the subject matter is not enough to become a good Delphi 
panelist. Although not studied here, pre-Delphi training about these tendencies and other 
biases associated with DT appears to be necessary in a study that would require much 
prec1s1on. 
One immediate concern regarding the assumption that all participants were qualified is that 
although they were qualified, they may not have been committed to the study. Hill and 
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Fowles (1975) suggest experts should have an interest in the topic of a Delphi Study. For 
experts to commit sufficient time and energy into answering complex problems and 
quantifying those answers, the study should have meaning for them. Whether ensured by 
financial compensation, interest in the subject, or other reasons, commitment should be 
ensured. This study did not have much meaning for the participating students (Other than 
compensation, curiosity, or willingness to help a fellow ISU student conduct a thesis 
experiment), which may have contributed to the success of deception. 
Hill (1982) comparing group versus individual performance concludes that "group 
performance was generally qualitatively and quantitatively superior to the average 
individual. .. was often inferior to that of the best individual in a statistical aggregate" 
(p.535). This was the case in this experiment. (Participant# 25 revised to have the closest 
estimates overall, which weren't changed when PDF was shared.) 
In conclusion this experiment has been successful as an example to show that using DT, 
where the panel consists of participants with sufficient subject matter expertise (in this case 
mathematical background) to provide reasonable responses, the group feedback has a pull 
even when it is a PDF. Although this cannot be generalized to all studies using DT, it implies 
that using DT may result in unwanted convergence of responses around the group response, 
even when participants are experts in the subject matter. A team utilizing DT is trying to 
resolve some uncertainty. In such a situation, the findings in this study aren't any comfort, 
and lead me to recommend that consideration be given to the definition of expert status 
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beyond the expertise required by the subject matter, so as to increase the accuracy of the 
outcome. 
Suggestions 
A more encompassing experiment could be conducted where experts who are outside the 
inter-quartile range are demanded to explain why they differ from the majority of experts. 
From such an exercise it may be seen that fewer experts choose to be outside the range (i.e. 
stick to their guns) and not move toward the deception. 
As mentioned in the third chapter, there is a concern with the secondary experiment because 
it was dependant on the primary experiment. All the TRTs remained the same from the first 
PDF to the second PDF (with minor changes as described). Providing a 0-deception TRT 
after a high-deception TRT (or vice versa) may help our understanding of the effects of 
group feedback. Further research can study the effects of different levels of deception, and at 
what point it becomes so obvious that most experts do not fall for any deception. Again, such 
a study would be subjective, but may be helpful in identifying qualities and qualifications of 
experts that contribute to their deceivability. Since an expert's deceivability is dependant on 
subject-specific factors as well as person-specific factors, emphasis ought to be given to the 
degree of conservatism required by the subject matter. 
More focus should be given to the effects of iteration. This study was designed as a three 
round study. Since the secondary experiment (the third estimation) proved to be the most 
interesting one, further study with more rounds may be helpful in understating the effects of 
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iteration on deception. Although Nelson (1978) concluded that iteration increases the success 
of deception, the addition of non-manipulated feedback may cause a change in this trend and 
diminish its success in further rounds. 
Finally, this experiment did not use DT; it used PDF. An experiment could compare the way 
experts respond to group response that is prescribed (true, or falsified, as done here) with the 
actual Delphi compilations. None of the PDF had items that showed the group response as it 
would have been, had DT been used. 
To investigate on an even simpler level, this experiment could be done, with trivial 
estimation problems (i.e. where the participants are to estimate the area of a triangle). 
Perhaps such an exercise may be too trivial to capture the workings of the Delphi process, 
but also may better help detect tendencies of experts in a Delphi panel and what causes such 
tendencies. 
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APPENDIX A. IRREGULAR SHAPES TO BE USED FOR THE AREA 
ESTIMATION PROBLEMS IN THE EXPERIMENT 
Shape 1 - 5 with order randomized 
SCALE 
5 unit 
1 unit 
Figure Al: Shape A used as an area-estimation problem. 
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Shape 1 - 5 with order randomized 
SCALE 
5 unit 
1 unit 
Figure A2: Shape B used as an area-estimation problem. 
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Shape 1 - 5 with order randomized 
SCALE 
5 unit 
1 unit 
Figure A3: Shape C used as an area-estimation problem. 
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Shape 1 - 5 with order randomized 
SCALE 
5 unit 
1 unit 
Figure A4: Shape D used as an area-estimation problem. 
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Shape 1 - 5 with order randomized 
SCALE 
5 unit 
1 unit 
Figure AS: Shape E used as an area-estimation problem. 
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APPENDIX B: SAMPLE "DELPHI" ROUND 
MATHEMATICAL ESTIMATION WITH THE DELPHI Third Round 
TECHNIQUE Sent 02.27.2005 Due 03.02.2005 
What is your reconsidered estimation for 
the area of SHAPE 1? 
0 tional - Comments/Rationale for our S1 Estimate: 
YOU MAY TYPE YOUR COMMENTS HERE 
What is your reconsidered estimation for 
the area of SHAPE 2? 
0 tional - Comments/Rationale for our S2 Estimate: 
YOU MAY TYPE YOUR COMMENTS HERE 
What is your reconsidered estimation for 
the area of SHAPE 3? 
Optional - Comments/Rationale for your S3 Estimate: 
YOU MAY TYPE YOUR COMMENTS HERE 
What is your reconsidered estimation for 
the area of SHAPE 4? 
Optional - Comments/Rationale for your S4 Estimate: 
YOU MAY TYPE YOUR COMMENTS HERE 
What is your reconsidered estimation for 
the area of SHAPE 5? 
0 tional - Comments/Rationale for our S4 Estimate: 
YOU MAY TYPE YOUR COMMENTS HERE 
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APPENDIX C: RECRUITMENT E-MAIL 
Subject: Invitation to Participate in a Math Delphi Study 
Hello! 
I am a graduate student at Iowa State University, and would like to invite you to be a 
participant in a research study for my thesis. 
The focus will be to estimate the area of 5 irregular shapes, and refine/discuss these estimates 
based on the response of 19 other participants. If you choose to participate, your total time 
commitment will be approximately 60-100 minutes (divided over four days) and you will be 
paid a minor compensation ($10) as a token of my appreciation. For further information 
about participants involvement and compensation, please review the attachment 
Delphi_Study.doc. 
Each participant's identity will remain anonymous and there will be no binding commitment 
on your part; you may stop your participation at any time. The ISU Human Subjects IRB # 
for this study is 05-007. 
Thanks for considering being a participant in my thesis experiment. If you would like to 
participate, please reply to this e-mail. 
Sincerely, 
Kaya Tolon 
ktolon@iastate.edu 
Office: 515 - 294 5521 
Cell: 515 -451 7544 
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DelphiStudy.doc 
THE STUDY: The focus of this study is to estimate the area of 5 irregular shapes, and 
refine/discuss these estimates based on the Delphi response of 19 other participants. 
STUDY POPULATION: The population consists of 8161 ISU students who have taken Math 
166 or higher. The sample size will be 20 students, randomly selected from this population. 
INVOLVEMENT: In the first stage, participants will be asked to estimate the area of five 
irregular shapes, and reconsider their estimates based on statistical group feedback in 
consecutive stages. There will be no more than three stages, and the estimated time 
commitments are 30-60 minutes for the first stage, and 10-15 minutes for each consecutive 
stage. After the Delphi procedure is finished a brief survey ( 6 questions) about the results 
will be asked. 
TENTATIVE SCHEDULE: 
Date Event Estimated Time Compensation 
Available on: Due on: Commitment 
02.18.2005 02.21.2005 First Estimation ~30-60 minutes $2.50 
02.22.2005 02.24.2005 Second Estimation ~ 10-15 minutes $2.50 
02.25.2005 02.28.2005 Third Estimation ~ 10-15 minutes $2.50 
03.01.2005 03.08.2005 Brief Survey ~10 minutes $2.50 
COMPENSATION: I will mail a check within 1 week of your last day of participation. For 
example if you participate in all three estimations, and the survey, I will mail a check to you 
for $10.00 no later than one week from the day I receive the survey. 
If you have questions about any part of this study, or would like to read more information 
about the Delphi technique, please e-mail me at <ktolon@iastate.edu>. 
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APPENDIX D: INITIAL INSTRUCTIONS 
INSTRUCTIONS 
1. The included printouts (3 copies of each estimation problem) are for your use during 
the Delphi process. This is the only snail mail you will receive (except for your 
compensation). 
2. During each round I will e-mail a spreadsheet for you to provide your estimates in. 
The first one will be sent on February 28, and is due on Wednesday, March 02 at 
lO:OOpm. Feel free to e-mail your responses to me sooner than the deadlines, as this 
would speed up my combining the responses for the next round, and your wait 
between the rounds. 
3. These same shapes (1thru5) will be used throughout the Delphi rounds, and you may 
use any method you would like, to estimate/calculate their areas. However, please DO 
NOT enlist the help of another person during this study. Also, please make sure you 
convert your estimates into the units (squared) shown in the legend. 
4. If you have any questions, please send me an e-mail at ktolon@iastate.edu 
Truly, 
Kaya Tolon 
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APPENDIX E: GRAECO-LATIN SQUARE DESIGNS 
T bl Dl G Lt" t 1 d . d (C t d SAS) a e . raeco- a m square expenmen a es1gn use . rea e usmg . 
SQUARE 1 Subiect 1 Subject 2 Subiect 3 Subject 4 Subject 5 
Order TRT Order TRT Order TRT Order TRT Order TRT 
Shape A 2 -4 1 8 4 4 5 0 3 -8 
Shape B 3 0 4 -8 5 8 2 4 1 -4 
Shape C 1 4 5 -4 2 -8 3 8 4 0 
Shape D 5 -8 3 4 1 0 4 -4 2 8 
Shape E 4 8 2 0 3 -4 1 -8 5 4 
SQUARE2 Subject 1 Subject 2 Subject 3 Sub.iect 4 Subject 5 
Order TRT Order TRT Order TRT Order TRT Order TRT 
Shape A 2 0 3 4 5 8 4 -4 1 -8 
Shape B 3 8 4 0 2 -8 1 4 5 -4 
Shape C 5 4 2 -4 1 0 3 -8 4 8 
Shape D 1 -4 5 -8 4 4 2 8 3 0 
Shape E 4 -8 1 8 3 -4 5 0 2 4 
SQUARE3 Sub_ject 1 Subject 2 Subject 3 Subject 4 SubiectS 
Order TRT Order TRT Order TRT Order TRT Order TRT 
Shape A 2 4 5 -8 4 0 1 8 3 -4 
Shape B 5 -4 4 4 1 -8 3 0 2 8 
Shape C 4 8 1 -4 3 4 2 -8 5 0 
Shape D 3 -8 2 0 5 8 4 -4 1 4 
Shape E 1 0 3 8 2 -4 5 4 4 -8 
SQUARE4 Sub.ject 1 Sub_ject 2 Sub_ject 3 Sub_ject 4 Sub_ject 5 
Order TRT Order TRT Order TRT Order TRT Order TRT 
Shape A 4 -4 5 0 2 4 3 8 1 -8 
Shape B 1 8 2 -8 3 0 4 4 5 -4 
Shape C 2 0 4 8 1 -4 5 -8 3 4 
Shape D 3 -8 1 4 5 8 2 -4 4 0 
Shape E 5 4 3 -4 4 -8 1 0 2 8 
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APPENDIX F: POST-DELPHI SURVEY 
1. How would you rate your competency in the estimation problems? 
Poor <1-2-3-4-5-6-7-8-9> 
(5 =sufficiently competent) 
2. How much time did you spend for each of the stages? 
1st Round: 
2nd Round: 
3rd Round: 
< 30 minutes 
< 30 minutes 
< 30 minutes 
30-60 minutes 
30-60 minutes 
30-60 minutes 
60-90 minutes 
60-90 minutes 
60-90 minutes 
3. How confident did you feel about your estimations? 
1st Round: 
2nd Round: 
3rd Round: 
Poor 
Poor 
Poor 
< 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 > 
< 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 > 
< 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 > 
(5 =sufficiently confident) 
Strong 
>90 minutes 
>90 minutes 
>90 minutes 
Strong 
Strong 
Strong 
4. At any of the rounds, did you move toward the group response because you did 
not trust your own estimation? 
Yes No 
5. If you were involved in a similar experience, what improvements would you 
recommend to reach a more effective estimation? 
6. Any Other Comments? 
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APPENDIX G: COMPLETE SET OF ESTIMATES FOR ALL THREE ROUNDS 
Table Fl: 300 estimates resulting from 4 s uares (2 subjects in each) and 3 rounds. 
SQUARE 1 - ROUND 1 
P# E1 E2 E3 E4 E5 
11 100.00 50.00 80.00 70.00 60.00 
12 47.50 59.00 54.75 66.00 91.80 
13 45.00 90.00 59.00 44.00 62.00 
14 70.00 70.54 99.20 53.34 43.44 
15 55.05 40.75 51.72 80.10 48.70 
SQUARE 2 - ROUND 1 
E1 E2 E3 E4 E5 
21 55.60 41.60 62.84 57.80 93.24 
22 70.00 93.00 56.00 69.00 45.00 
23 95.14 74.98 87.72 59.95 44.58 
24 63.00 48.00 94.00 46.50 62.00 
2547.79 62.15 51.25 95.28 64.72 
SQUARE 3 - ROUND 1 
E1 E2 E3 E4 E5 
31 82.79 79.58 53.92 97.85 63.66 
32 90.00 60.00 65.00 65.00 45.00 
33 71.00 64.00 101.00 52.00 66.00 
34 41.87 84.64 62.81 46.40 53.50 
35 55.50 66.00 50.00 68.50 103.00 
SQUARE 4 - ROUND 1 
E1 E2 E3 
41 71.00 100.0 53.00 
42 50.50 63.50 62.75 
43 94.50 50.55 72.00 
44 46.50 47.00 38.00 50.50 79.50 
45 48.00 64.00 90.00 52.00 65.00 
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APPENDIX H: SAS PROGRAM WITH STANDARDIZED ESTIMATES 
/* Using Appendix D, F, and the values for the "True Areas" of the shapes 
(A= 47.02, B= 67.4, C= 95.82, D= 52.48, E= 62.8) the standardized values 
in this SAS Program can be obtained.*/ 
dm "out;clear;log;clear;"; 
DATA GL; 
INPUT Square Person 
CARDS; 
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1.043623461 1.001878522 1.022750991 
1.063377286 0.978307103 0.957039558 
1.18694362 0.964391691 0.964391691 
1.114649682 1.035031847 1.050955414 
1.143292683 0.952743902 0.952743902 
1.010208422 1.04636325 1.074011059 
0.939490446 0.984076433 0.975 
1.043254573 1.040396341 1.034679878 
0.979228487 0.956973294 0.922848665 
0.958046337 0.958046337 0.954915466 
0.857469512 0.895579268 0.933689024 
0.939261115 0.92882488 0.999574649 
0.939490446 0.939490446 0.947452229 
0.935772012 0.935772012 1.016320475 
0.919881306 0.949554896 0.92882488 
1.114649682 1.011146497 0.97611465 
1.046587537 1.011275964 1.011275964 
1.035274473 1.053016072 1.062408683 
1.016387195 1.017911585 0.988948171 
0.923862186 0.937898766 0.959166312 
0.816765579 0.853115727 0.879821958 
0.77648628 0.82507622 0.832698171 
1.099957465 1.090174394 1.070182901 
0.835942392 0.843247756 0.856814861 
0.775477707 0.850318471 0.856847134 
1.05945122 0.996760671 0.996760671 
0.884729902 0.973840919 0.980433858 
0.932344214 1.096439169 1.096439169 
0.920382166 0.920382166 0.920382166 
0.973074515 1.013671467 1.013671467 
1.114649682 1.035031847 1.066878981 
0.970569818 0.960133584 0.960133584 
1.190982561 1.105912378 1.063377286 
1.023738872 0.994065282 0.994065282 
0.857469512 0.895579268 0.914634146 
0.99290336 0.99864329 0.99864329 
1.112462908 1.048219585 0.975964392 
1.396815287 1.028503185 0.996178344 
1.142339939 1.117568598 1.066692073 
0.948107188 1.048064653 1.061250532 
0.934718101 0.956973294 0.991097923 
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1.01637601 1.030837941 1.030837941 
0.989649682 1.009713376 1.009713376 
0.9765625 0.981516768 0.981516768 
0.994364433 0.994468796 0.994468796 
0.960237389 0.996735905 0.996735905 
1.318312102 1.22022293 1.058598726 
1.692471289 1.123989792 1.088898341 
1.027439024 0.979230183 0.950647866 
1.021185556 1.035900647 1.041327489 
0.944510386 0.951038576 0.957566766 
0.939261115 0.960133584 0.960133584 
1.143292683 1.143292683 1.048018293 
1.035031847 1.066878981 1.066878981 
0.964391691 1.008902077 1.008902077 
0.957039558 0.957039558 0.957039558 
1.053412463 1.068249258 0.994065282 
1.01910828 1.01910828 1.003184713 
1.054059695 1.06449593 1.054059695 
1.105912378 1.084644832 1.042109741 
1.257621951 1.219512195 1.105182927 
0.89047214 0.949170566 1.049766057 
0.883322897 0.911605093 0.914422876 
0.93189911 0.9615727 0.986646884 
0.884146341 0.900342988 0.959222561 
0.851878981 0.906687898 0.969267516 
1.057545732 1.048018293 1.048018293 
0.979228487 1.038575668 1.038575668 
1.063377286 1.020842195 1.020842195 
1.090764331 0.97133758 1.035031847 
1.074932164 0.970569818 0.970569818 
1.053412463 1.053412463 1.060830861 
1.043623461 1.001878522 1.00709664 
1.009908537 0.952743902 0.927972561 
1.190982561 0.935772012 0.961293067 
1.003184713 1.003184713 1.02388535 
0.962271341 0.990853659 0.98132622 
0.942136499 0.986646884 0.964391691 
0.999203822 0.987261146 0.955414013 
0.978396994 0.965351701 0.975787936 
0.935772012 0.978307103 0.930455125 
0.98622417 0.992485911 0.9830933 
1.075074436 1.047426627 1.005954913 
1.068249258 1.029080119 1.002818991 
1.261146497 0.930732484 0.913853503 
1.012195122 1.045922256 1.05316311 
0.74044586 0.804140127 0.804140127 
0.895579268 0.97179878 0.97179878 
0.808166738 0.89323692 0.957039558 
0.74925816 0.793768546 0.890207715 
0.829680651 0.887079942 0.887079942 
1.020842195 0.978307103 0.957039558 
1.01910828 1.01910828 1.035031847 
0.939261115 0.939261115 0.970569818 
0.990853659 0.933689024 0.97179878 
0.964391691 0.979228487 0.979228487; 
68 
PROC mixed; 
CLASS Square Person Shape Order TRT group; 
MODEL y2 = Person Shape Order trt yo yO*trt; 
lsmeans trt/pdiff at y0=0.8 cl; 
lsmeans trt/pdiff at yO=l cl; 
lsmeans trt/pdiff at yO=l. 2 cl; 
RUN; 
QUIT; 
PROC mixed; 
CLASS Square Person Shape Order TRT group; 
MODEL y3 = Person Shape Order trt yo yO*trt; 
lsmeans trt/pdiff at y0=0.8 cl; 
lsmeans trt/pdiff at yO=l cl; 
lsmeans trt/pdiff at yO=l. 2 cl; 
RUN; 
QUIT; 
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APPENDIX I: Post-Delphi Survey results 
T bl 11 P t D 1 h" 1t f 18 art" · t a e : OS - ep 1 survey resu s o p 1c1pan s. 
Partici-
pant* 11 12 14 15 21 22 23 24 25 31 32 33 34 35 42 43 44 45 
Classi-
fication 1 2 6 1 3 4 4 4 4 1 3 3 4 3 3 2 2 4 
Colle2e 1 3 4 3 1 1 1 3 1 1 2 4 2 3 1 1 1 1 
Gender 1 2 2 1 1 1 2 2 1 1 1 2 2 2 2 2 1 1 
Compe-
tency 7 7 5 7 7 6 7 6 9 6.5 7 7 5 5 7 6 5 6 
TimeRl 2 2 2 2 2 3 2 2 4 2 2 2 3 2 2 2 2 1 
TimeR2 2 1 2 1 1 1 1 1 2 1 1 2 1 1 1 1 1 1 
TimeR3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
ConfRl 5 6 5 5 5 7 4 5 7 6.5 7 8 7 5 8 7 8 6 
ConfR2 7 7 6 6 6 8 6 6 9 6.5 8 4 5 5 8 6 6 6 
ConfR3 7 7 7 6 8 8 7 6 9 6.5 9 6 5 5 8 6 6 6 
Move 
to GR 1 2 2 1 1 1 1 1 2 1 2 1 1 2 2 1 1 2 
Legend for demographic data: 
Classification: Freshman= I, Sophomore=2, Junior=3, Senior=4, or Graduate=6, 
College: !=Engineering, 2=Agriculture, 3=Liberal Arts and Sciences, or 4=Business, 
Gender: l=Male, 2=Female. 
*Participants #13 and 41 did not complete the post-Delphi survey. Their demographic data were (4,1,1) and 
(2, 1, 1) respectively. 
Legend for post-Delphi Survey: 
Competency: Likert scale from 1 to 9. (1 =poorly competent, 5=sufficiently competent, 9=strongly competent) 
TimeRJ, TimeR2, TimeR3: I:< 30 minutes, 2: 30-60 minutes, 3: 60-90 minutes, 4: >90 minutes 
ConjRJ, ConjR2, ConjR3: Likert scale from 1 to 9. ( 1 =poorly confident, 5=sufficiently confident, 9=strongly 
confident) 
Move to GR: I=Yes (Moved to group response, because did not trust own estimate), 2 =No 
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T bl 12 P t D 1 h' t I f 18 rt' · t a e . OS - eLp. 1 survey commen s sugges ions o pa 1c1pan s . . 
Partic-
ipant 5.llllprovelllents 6. Other 
I would try to find shapes within the 
image that were easier to estimate the 
area of. For example, estimating a 
straight line that represents a curve 
rather than trying to accommodate for 
the curve would make a much more 
time-efficient estimation without 
11 losing too much accuracy. -
12 - -
Even though I did not move towards 
the group response automatically, it did 
influence my measures in some way. In 
my first round my estimations were 
kind of extremes compared to the 
others so I tried a new method for 
A grid paper : ). I tried that on my second (and third round). In the third 
second and third measurements. Also a round, I checked more in depth the 
'unified' measuring tool - I was taking estimations that were far from the 
the measures in centimeters mean, which might have made them 
(millimeters actually, assuming that 1 more precise than the others ... So, even 
unit was 5 mm) and that might have though I did not assign a value closer to 
biased my calculations somehow (in the mean, it did influence my 
14 terms of rounding) measurements. 
15 None -
Spend more time measuring 
dimensions to develop more precision 
21 in the final result. 
Interesting project, I am interested in 
22 what trends you noticed. 
23 High and low or list of all answers. -
Use more technology than was 
available to me - I didn't use a 
computer to aide me in my estimation. 
I might also give the problem to a math 
class learning the techniques to 
determine the area of oddly-shaped 
24 drawings. None 
I would have used a more accurate 
method to transfer the image to a CAD 
25 package -
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T bl 12 (C f a e on mue d) P t D 1 h. t I t : OS - e lp I survey comm en s sugges 10ns o f 18 rf t pa ic1pan s. 
I think this was very effective way and Nope thanks for the opportunity. 
31 would make no changes. 
32 None I think it was set up well -
Maybe have set methods to estimate I just used different methods of 
with in each round so everyone is estimating the areas each time, and my 
estimating in the same manner, then if estimations varied a little bit from time 
we're way off we know it was more to time, but overall they didn't change 
33 than just because we did it differently. very much. 
Vary my measurement methods more 
with each round 
Develop a grid system for estimating 
34 area What are your objectives in this study? 
I cannot think of any improvements to 
the process since I am not sure what 
you are looking for in your thesis! But 
then again, I'm not supposed to know! 
35 © Good luck with your project! 
I would take more time and uses 
several different methods for 
42 estimating the areas. -
Use computer-generated estimation 
43 software -
I don't understand any relevancy this 
44 Talking to other people process could have anywhere 
The modifications in my answers 
probably tended towards the group 
Don't know right now - nothing much estimates, because I believe that, 
for a rough estimate. Fine usually, the more estimates, the closer 
estimate/calculation can be done on the you will get to the real answer (or at 
45 computer. least, to an acceptable answer). 
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